Abstract Objective: To investigate the effect of chronic use of sildenafil and intracavernous injection (ICI) with trimix in men not responding to on-demand monotherapy with sildenafil or ICI with prostaglandin-E1 (PGE1). Patients and methods: The study included 40 patients with erectile dysfunction (ED), with a mean (SD) age of 50.7 (11.3) years and unresponsive to on-demand sildenafil or ICI with PGE1 as monotherapy. They were assessed using the Sexual Health in Men (SHIM)-5 score for ED severity, penile colour Doppler ultrasonography (CDUS) for peak systolic velocity (PSV), end-diastolic velocity (EDV) and resistance index (RI) with an ICI test using 0.25 mL of trimix of papaverine, PGE1 and phentolamine. Testosterone, prolactin and cholesterol levels were assessed. Patients received 25 mg sildenafil daily for 8 weeks, combined with twice weekly ICI with 0.25 mL of trimix. After treatment, the Erection Hardness Score (EHS), penile CDUS with ICI and ED Inventory of Treatment Satisfaction were assessed. Results: The mean (SD) SHIM-5 score before treatment was 8.3 (0.5) in 15 of the 40 men and 6.3 (0.4) in 25. Penile haemodynamics were normal in five (13%), showed arterial insufficiency in five (13%), venous occlusive disease in 26 (65%) and mixed vascular in four (10%). There was an improved SHIM-5 score in 28 (70%) patients, as shown by their haemodynamic values, duration of erection and EHS with therapy, and 66% satisfaction with treatment. Adverse effects (penile pain, headache, facial flushing, dyspepsia, nasal congestion, dizziness) were reported in 17 patients (43%). Conclusion: Chronic use of trimix plus daily low-dose sildenafil improved penile haemodynamics in these patients with ED not responding to on-demand phosphodiesterase-5 inhibitors or ICI with PGE1 monotherapy.
Introduction
The definition of erectile dysfunction (ED) is the persistent inability to attain and maintain an erection sufficient to permit satisfactory sexual performance [1] . ED reduces sexual satisfaction and affects partner relationships [2] . A treatment goal should focus on restoring full sexual functioning, not only improving erection [3] . Erection hardness (EH) is a fundamental component of erectile function [4] and could best define the response to treatment for ED, and can be considered a suitable assessment [5] . Phosphodiesterase type 5 (PDE-5) inhibitors maintain an erection by inhibiting the catabolism of cGMP, hence facilitating erection after oral intake, with sexual stimulation required to activate the nitric oxide (NO)-cGMP pathway [6] . In practice, some patients had no or a suboptimal response to PDE-5 inhibitors, and to intracavernous injection (ICI) of prostaglandin (PG) E1. McMahon et al. [7] used the combined therapy of sildenafil plus ICI with triple agents as salvage therapy for these patients; they used sildenafil up to 100 mg at 1 h before and triple-agent ICI 10 min before planned sexual intercourse. Park et al. [8] evaluated the clinical response and the haemodynamic changes in the cavernous arteries, and found that combined oral sildenafil and ICI with trimix (papaverine, PGE1 and phentolamine) is the best combination for a pharmacological erection test [8] .
Combined therapy with a PDE-5 inhibitor and a second agent that targets another vascular, endocrine or neuronal pathway might provide a possible treatment for patients with a suboptimal response to ICI with PGE1, or those not responding to on-demand PDE-5 inhibitors. Our treatment goal was based on satisfaction with the quality of erection, by assessing the efficacy of combined chronic therapy with daily low-dose sildenafil citrate and the booster effect of ICI with trimix twice weekly in this selected group of patients with ED.
Patients and methods
The study included 23 patients with ED who did not respond to PDE-5 inhibitors, and 17 dissatisfied with their EH after ICI with PGE1, who presented to our sexual dysfunction clinic, referred by other physicians or presented for further evaluation during the period from May 2008 to August 2010. Inclusion criteria comprised patients with ED for P6 months and not responding to previous treatment with PDE-5 inhibitors at maximum dose and ICI with PGE1. Exclusion criteria included hypotension (blood pressure <90/50 mmHg) or uncontrolled hypertension (blood pressure >170/110 mmHg); clinically significant cardiovascular disease in the last 3 months; current or anticipated use of nitrates or NO donors, and known hypersensitivity to or previous severe side-effects from sildenafil. Patients with poor manual dexterity, poor visual acuity, morbid obesity, serious psychiatric and patients with Peyronie's disease or idiopathic priapism were excluded from study.
After a complete history and a physical examination, informed consent for participation was obtained from all patients, and possible risks explained thoroughly according to the Declaration of Helsinki. The option to participate or to abstain from participation was given to the patients; in all, 40 patients agreed to participate in this study.
To evaluate their baseline ED, the Sexual Health Inventory for Men (SHIM-5) questionnaire was used at the baseline visit and after 2 months, with threshold scores set as no ED > 22, mild 17-21, moderate 8-16, and severe ED < 7 [9, 10] . The questions were preceded by 'over the past 4 weeks' and not 'over the past 6 months' as in the original version. Laboratory tests included serum testosterone, blood glucose and total cholesterol levels, and a complete blood count.
The penile haemodynamics of pharmacologically induced erection in all patients with ED was evaluated with colour Doppler ultrasonography (CDUS), using a Model SSA-350 A system (Toshiba Inc., Tokyo, Japan) at the beginning and repeated after 8 weeks, with measurements of the peak systolic velocity (PSV), end-diastolic velocity (EDV) and resistance index (RI), calculated as (PSV-EDV)/PSV, from the both cavernosal arteries before and after ICI with 0.25 mL of trimix solution (1 mL of the solution contained 18.7 mg papaverine, 6.25 lg PGE1 and 0.62 mg phentolamine) [11] . Readings were registered from the best artery at any time for analysis starting 2-3 min after ICI. Priapism after trimix injection was considered an exclusion criterion from the study.
Patients with a normal PSV (P30 cm/s) and normal EDV (P5 cm/s) were classified as having a normal penile blood flow study. ED caused by arterial insufficiency was defined as a PSV of <30 cm/s with normal EDV (P5 cm/s). The diagnosis of veno-occlusive dysfunction (VOD) was defined as a normal PSV (P30 cm/s) with an abnormal EDV (>5 cm/s). Patients who could not be classified into the above categories were defined as having mixed-type ED [12, 13] . If there was a successful response after ICI in the clinic, the patient was taught the technique of self-injection and supplied with drugs for home use, but those who had subsequently failed to attend follow-up appointments were excluded. Any other treatments for ED were to be terminated before the study and after a 2-week washout patients received 25 mg sildenafil citrate (Viagraä, Pfizer, NY, USA) to be taken not more than once daily for 8 weeks, and ICI with 0.25 mL trimix to be used twice per week.
The following drugs were used to constitute the stock solution: Vasorine (each 1 mL containing 30 mg papaverine HCl, Memphis Co., Cairo, Egypt), prostin VR 1 mL containing 500 lg PGE1, (Alprostadil, Pharmacia & Upjohn, USA) and Regitine (1 mL containing 10 mg phentolamine, Novartis Pharma AG, Basel, Switzerland). The ratio of ingredients was 30 mg papaverine: 10 lg PGE1:1 mg phentolamine [11] . Normal saline was used to constitute the doses and the solution was kept at 4°C in a glass container (discarded if not consumed within 30 days).
Patients were instructed to attempt sexual activity at least twice each week and to complete an event-log worksheet, and to document compliance the event logs were compared with unused study medication.
EH was evaluated subjectively using the EH Score (EHS), a 5-point response score denoting how the patient would rate his erection, with scores of 0 (penis does not enlarge), 1 (penis is larger but not hard), 2 (penis is hard but not hard enough for penetration), 3 (penis is hard enough for penetration but not completely hard) and 4 (penis is completely hard and fully rigid) [4] . At visit 2 (month 2), satisfaction was assessed with the Erectile Dysfunction Inventory of Treatment Satisfaction (EDITS) [14] , using the patient version of the EDITS, which includes 11 questions, each scored on a 0-4-point scale, with a higher score indicating greater satisfaction. The mean score of all 11 questions is multiplied by 25 to obtain the EDITS index, resulting in a treatment satisfaction ranging from 0 (lowest satisfaction) to 100 (highest satisfaction). The scores define four levels of satisfaction (i.e. 0-24, not satisfied; 25-49, dissatisfied; 50-74, satisfied; and 75-100, very satisfied). EDITS scores of >50 indicate satisfaction with treatment [14] . An Arabic translation of the questionnaires (SHIM-5, the EHS and EDITS) was adopted using the back-translated technique [15] ensuring a functionally equivalent translation and better understanding of responses to the original versions.
The data were analysed using standard statistical methods, with a one-way anova used to detect variance in variables of vascular diagnosis, and the Dunnett t (two-sided) post hoc test used to detect differences between patients with arterial insufficiency, VOD and mixed disease vs. normal responders. The Kruskal-Wallis test was used to detect differences between groups in the rigidity response grade 3 and 4. Student's t-test for paired and unpaired samples was used as appropriate. For all tests, P < 0.05 was considered to indicate statistical significance and all statistical tests were two-sided.
Results
In all, 40 patients completed the course of combined treatment and were evaluated. The mean (SD, range) age was 50.7 (11.3, 35-72) years and the pretreatment SHIM-5 score was 7.4 (0.8, 6-9), with 15 patients (38%) with moderate ED and 25 (63%) with severe ED. The duration of ED (under the previous therapies with maximum dosing of PDE-5 inhibitors and ICI of PGE1) was 16.8 (8.8, 6-36) months. For concomitant conditions, of the 40 patients 21 (53%) had no comorbid disease, nine (23%) had diabetes mellitus, three (8%) had diabetes and hypertension, and seven (18%) had undergone prostatectomy.
Laboratory results showed a mean (SD), range total testosterone level of 12.5 (3.5, 7.9-19.4) nmol/L (normal range 9.9-27.8), prolactin of 9.9 (1.9, 6.4-15.3) ng/mL (normal range 4.04-15.2) and total cholesterol of 175.7 (13.5, 150-200) mg/ dL (normal range < 200 mg/dL).
For the vascular diagnosis, pretreatment haemodynamic variables showed a normal response in five (13%) men, arterial insufficiency in five (13%), VOD in 26 (65%) and mixed arterial and VOD in four (10%) ( Table 1 ). The rigidity grade was 3 or 4 in all those with a normal vascular response, two of five with arterial insufficiency, and 10 of 26 with VOD (39%). None of those with mixed vascular aetiology had a positive rigidity response of grade 3 or 4. After the combined treatment, the haemodynamic findings of the 40 patients showed an improvement in 28 (70%); their mean (SD, range) age was 46.1 (8.9, 35-65) years.
Comparing variables before and after treatment in the 28 responders, there was a significant improvement in haemodynamic values, SHIM-5 score, time to and duration of erection, and EHS (Table 2) . Table 3 shows the comparison between responders and non-responders, where there was a significant difference in age, duration of ED, SHIM-5 score before and after treatment, time to and duration of erection, EHS with treatment, and mean and standardised EDITS.
The 12 non-responders included two of five with arterial insufficiency, nine of the 26 with VOD (35%) and one of the four with mixed type ED.
Of the 40 patients given combined therapy, 17 (43%) reported adverse effects, including penile pain in nine, headache in eight, facial flushing in 10, dyspepsia in two, nasal congestion in two and dizziness in two. Table 3 also shows the comparison between responders and non-responders in EDITS score and EDITS index, where there was a significant difference between responders and nonresponders (EDITS score 2.7 vs. 1.7, and EDITS index 66.4% vs. 40.3%, P < 0.001 for each).
Discussion
The vascular, endocrine and neuronal systems are involved in the normal erectile function, and in men with ED one or more of these systems are deficient or damaged [1] . An essential part in erectile physiology is complete cavernous smooth muscle relaxation, which is regulated by cytosolic Ca 2+ levels through two second-messenger systems involving cGMP and cAMP [16] . Pharmacological manipulation of these second-messenger pathways is currently used in the treatment of ED. In the present study we investigated the haemodynamic findings in 40 men not responding to sildenafil and ICI of PGE1, and tried to manage them with combined chronic low daily dose of sildenafil and ICI of triple-agent therapy, not on-demand use and with no dose increments. The underlying haemodynamic findings in non-responders to sildenafil [17] and ICI of vasoactive drugs has been investigated previously [18, 19] . The common underlying vascular abnormalities were corporal VOD alone or combined with arterial insufficiency. These abnormalities were the causes of failure, and are very difficult to treat, as those cases were predicted to be non-responders according to Mullhall et al. [19] ; they stated that the presence of any degree of venous leak resulted in reduced efficacy of sildenafil, with only five of 46 (11%) patients responding to sildenafil. Also, corporeal VOD alone or combined with arterial disease is the specific haemodynamic abnormality causing no response to intracavernous pharmacotherapy [18] . Trials to treat these cases with combined therapy of sildenafil and vasoactive drugs was tried previously, but these studies used dose increments and on-demand therapy [7] .
In the present study, in 40 patients with ED not responding to prolonged and challenging doses of sildenafil and ICI of PGE1, the most common haemodynamic abnormalities were VOD (26/40, 65%), pure arterial insufficiency (5/40, 13%) and mixed VOD and arteriogenic (4/40, 10%); this finding is in agreement with the findings of many authors investigating the underlying causes of lack of response. Martins and Padma-Nathan [18] found that 49% (34/69) of non-responders to ICI had VOD alone or combined with arterial disease, and this is the specific haemodynamic abnormality causing no response to ICI, while pure arterial insufficiency was found in 16/69 (23%). The vascular abnormalities found in sildenafil non-responders were investigated in the study of Huang and Hsieh [17] , where they found VOD in 16/38 (45%), mixed VOD and arteriogenic in three (8%), pure arterial in nine (24%) and normal vascular parameters in nine (24%). They concluded that veno-occlusive ED was the commonest type in sildenafil non-responders and associated with poor penile rigidity.
For the rigidity response in the present study (Table 1) , poor penile rigidity was found in 58% of men (23/40) and rigidity response grade 3 and 4 was found in all patients with normal haemodynamics, in two of five of those with arterial insufficiency and 39% (10/26) of those with VOD, while all patients with mixed VOD and arterial insufficiency had no rigidity response grade 3 or 4. These results were comparable with the previously cited studies [17, 18] , where rigidity response grade 3 or 4 was found in a third of those with arterial insufficiency, 35% of those with VOD and 44% of those with normal response, while none of those with mixed vascular abnormality had positive response (grade 3 or 4) in the study of Huang and Hsieh [17] . The quality of erectile response to intracavernous pharmacological stimulation was found by Martins and Padma-Nathan [18] in 15 men with VOD to be poor or none in four (25%), adequate in three (20%) and excellent in eight (53%); in 19 men with mixed vascular types, poor or none in 12 (63%), adequate in three (16%) and excellent in four (21%); while 16 patients with arterial disease had an adequate response in 11 (69%) and excellent in five (31%). Rigid erection is not always associated with normal haemodynamics and it can coexist with some degree of vascular impairment. Hatzichristou et al. [20] hypothesised that haemodynamic integrity might not always indicate the presence of a functional/rigid erection and other factors can also contribute to penile rigidity.
A positive rigidity response with arterial insufficiency can be explained by the presence of an intact veno-occlusive mechanism that can maintain an erection response despite arterial insufficiency [21] . The status of penile erection must be interpreted with EDV and RI at the same point, and this agrees with the conclusion of Chiou et al. [13] .
In the present study, we used chronic combined therapy with 25 mg of sildenafil citrate daily and 0.25 mL of a trimix solution of three vasodilators for ICI twice weekly (1 mL of solution containing 18.7 mg papaverine, 6.25 lg PGE1 and 0.62 mg phentolamine) for 8 weeks to enhance smooth muscle relaxation of the corpus cavernosum. The aim of this combination was to target many of the systems responsible for the erectile process, and using low doses in the combination to minimise side-effects. PDE-5 inhibitors maintain an erection by inhibiting the catabolism of cGMP with activation of the NO-cGMP pathway by sexual stimulation [6] . PGE1 induces relaxation of the cavernous smooth muscle and dilatation of cavernous arteries by increasing the intracellular cAMP concentration [22] . Papaverine increases the production of cAMP and cGMP by an inhibitory action on PDE, although papaverine acts at many levels, leading to a very complex mode of action in the smooth muscle [23] . The combination of oral sildenafil and ICI with trimix significantly increased the levels of cGMP and cAMP in the cavernosa but not in the peripheral blood plasma [8] . Also trimix solution might be helpful to overcome a false-positive diagnosis of VOD due to anxiety, which represents the major pitfall of this procedure [24] .
In the present study, there was an improvement in 28 of the 40 men (70%) after treatment by combined therapy with sildenafil and trimix ICI for 8 weeks (Table 3) ; this combination salvaged 70% of patients not responding to sildenafil on-demand use with increasing doses up to 100 mg, and those with a suboptimal response to ICI with PGE1 as monotherapy. Comparing values before and after treatment in these 28 men, there was a significant improvement in haemodynamic values, SHIM-5 score, time to and duration of erection and EHS (Table 2) .
McMahon et al. [7] studied the ability of sildenafil to salvage patients in whom ICI therapy failed. They reported a 66% salvage rate in patients receiving sildenafil combined with triple agent ICI therapy, but they found that the effect of combined therapy was no better in these men than with sildenafil alone. Our study differs from that study in that they used on-demand sildenafil up to 100 mg at 1 h before and tripleagent ICI 10 min before the planned sexual intercourse, while in the present study we used the combination of a chronic fixed daily low-dose of sildenafil citrate and twice weekly tripleagent ICI in a low-dose combination to reduce side-effects.
For the vascular aetiology in the 12 non-responders ( Table  2) , two of five had arterial insufficiency, nine of 26 had VOD (35%) and one of four had mixed type ED. These results agree with the previous studies assessing the underlying abnormalities in non-responders [17] [18] [19] , i.e. VOD alone or combined with arterial disease is the most common abnormality underlying the lack of response.
Adding other factors such as age and duration spent under ineffective therapy, the difference between responders and non-responders (Table 2 ) was significant for age and duration of ED under previous therapy, where responders were younger and with shorter duration of ED than non-responders. Also, their pretreatment SHIM-5 scores were higher. The EDITS score after treatment was also significantly different, at 66.4% vs. 40.3% for non-responders (P < 0.001). Age and the competence of smooth muscle relaxation to vasoactive agents might play a major role in the erectile response to treatment in the present study, i.e. the mean age of patients in the non-responder group was 15 years greater than in the responder group.
All patients must be made aware that combined therapy has greater risks and side-effects because of synergy. McMahon et al. [7] reported adverse effects in 20 of 41 men (49%) after combined therapy with sildenafil and triple-agent ICI, including penile pain in 15, headache in 15, facial flushing in 12, dyspepsia in seven, nasal congestion in three, dizziness in 12 and syncope in one. Adverse effect rates in the present study were slightly lower than reported by McMahon et al. [7] , possibly due to the use of smaller doses in our combined therapy, where of the 40 patients given combined therapy, 17 (43%) reported adverse effects, including penile pain in nine, headache in eight, facial flushing in 10, and two each with dyspepsia, nasal congestion or dizziness. These results suggest that low-dose trimix provides stronger stimuli to the penile vasculature than low-dose PGE1 [25] .
Analysis of individual EDITS items (Table 3) showed that EDITS scores for responders vs. non-responders were significant for overall satisfaction (Q1, EDITS score 3 vs. 1.2, P < 0.001), met the patients' expectations (Q2, EDITS score 3 vs. 2.5, P = 0.03) and likely to continue (Q3, EDITS score 2.7 vs. 1.8, P = 0.002). Responders were satisfied with the onset and duration of action (Q5, EDITS score 3.2 vs. 1.4, and Q6, EDITS score 3.2 vs. 1.8, P < 0.001 for each) and confidence in ability to be engaged in sexual activity (Q7, EDITS score 3.1 vs. 1.6, P < 0.001). Most responders do not care about the naturalness of erection but found the same hardness as before they had the ED problem, while most non-responders found it somewhat unnatural on therapy and less hard than before they had ED (Q10, EDITS score 2.5 vs. 1.4; Q11 EDITS score 3.4 vs. 1.7, P < 0.001 for each). Both groups found the treatment easy to use (Q4) and most partners were neither satisfied nor dissatisfied (Q8) and preferred to stop treatment (Q9); this might be due to cultural aspects in eastern countries (Table 3) . It is possible that although a treatment might produce an excellent erection, a patient might rate the treatment as unsatisfactory because the erection was artificially induced, painful to create, failed to enhance the patient's sense of sexual confidence or masculinity, or was unacceptable to the partner [14] .
There were some limitations to the present study. First, there were relatively few patients; more patients are needed. Second, a longer follow-up is needed to document the longterm efficacy of combined therapy.
In conclusion, chronic use of trimix and daily low-dose sildenafil improves penile haemodynamics in patients with ED not responding to on-demand PDE-5 inhibitors or ICI of PGE1 monotherapy.
